, lead to the unfortunate results that: (1) both dashed and solid lines can represent stable or metastable equilibria, (2) only the metastable equilibria that lie at activity ratios higher than the "saturation limits" are shown in spite of the fact that a number of metastable equilibria lie within the "saturation limits," and (3) whether or not a particular phase represents a "saturation limit" depends only on the choice of phase composition and on the projection being used to display equilibria in two dimensions. Usage consistent with respect to stable and metastable equilibria (a convention that has historical and practical precedence) rather than with respect to "saturation limits" is preferred; this usage is shown in Figure lB 
). In addition to reducing significantly the size of the stability fields of pyrite, covellite, and hematite, the accounting for S(•) actually leads to disappearance of pyrite (at temperatures well below its thermal limit) at relatively low values offH•s (at 400øC, pyrite is unstable at log fH•s • < -0.7). Thus, the presence of pyrite at a given temperature not only places lower bounds on the value offn•s but also provides lower bounds on the value of aFe+•/ah+ in hydrothermal fluids if the value offn•s can be estimated by other means. tual compositions of pyrrhotite and chalcocite which occur in mineral deposits results in the appearance of saturation fields (rather than saturation lines) for these phases as well (Fig. 3A) . "Saturation limits" for the activity diagram include six different assemblages of two solids, including both native copper and native iron. These relations are more easily seen in the threedimensional diagram (Fig. 3B) . (Fig. 4) . Because intermediate solid solution was the likely Cu-Fe sulfide deposited in pre-Main Stage veinlets at Butte, the computation yields activity ratios that are too low.
In the application of phase relations, McKenzie and
In conclusion, we are faced with a dilemma in the application of equilibrium thermodynamics to understanding high-temperature geological processes. On the one hand, high temperatures allow us to be relatively confident that equilibrium was achieved be- dealt with in a rigorous fashion, I see no alternative but to accept the former as a progress report and the latter as an indication of future goals. September 25, 1986 
